Introduction
The concept of elastography was initiated with the discovery that there is a direct proportionality between the absolute value of the strain of a tissue along the compression axis and the magnitude of the initial compression; the stress produced on the tissue causes in turn a measurable counter-stress by the compressed tissue itself.
That is why, more than 20 years ago, there was the first attempt to use the sonoelastographic method in the measurement of the viscoelastic properties of human muscles in situ [1] . Since then, much progress has been made and this technique was perfected and incorporated as a new application in the high-end sonographic machines. Strain elastography, that measures the modification in the length of the tissue during a continuous compression and decompression of the skin, was the first modality to have a potential use [2, 3] . Shear wave elastography (SWE), which calculates shear Young's elastic modulus, via the measurement of the lateral propagation velocity of the shear waves after an ultrasound focused beam generated by the transducer, will be coming at a later date [4] and is still being developed for clinical use.
Thanks to the fact that these techniques provide respectively semi-quantitative and quantitative elasticity parameters, they have gained interest for applications in a number of areas such as liver, breast, thyroid and in musculoskeletal system [5] [6] [7] [8] [9] .
Compared to strain elastography, SWE has the advantage that it needs no manual compression for stiffness measurements. Furthermore, while strain elastography provides measurements of the strain of a tissue area with respect to a surrounding one, or the strain ratio of two manually selected regions of interest (ROIs) [10] , SWE may give a precise and accurate estimation of the stiffness in a determinate area inside the box of the measurement, giving us the result in velocity (meter per second) or in kilopascal (kPa). This, besides simplifying the possibility to double-check after a certain time, also facilitates the use of SWE because it helps reduce the forecasting sample errors.
Despite a growing interest in studies on the utility of SWE in evaluating the stiffness in different tissues in many medical conditions, with a few exceptions [11] , there is a paucity of information on the repeatability in the musculoskeletal system in healthy subjects, an absolutely necessary condition to accept the results of this technique. Therefore, the aim of this work is to evaluate whether, in the musculoskeletal application, SWE can be shown to be a reliable method.
Materials and methods

Patients
We planned an observational prospective study on the reliability of stiffness measurements in the musculoskeletal system, carrying out two sets of evaluations at least fifteen minutes apart, each of which consisted of five measurements. To this purpose, point-SWE (pSWE) was bilaterally performed on the vastus medialis muscle and on the quadriceps and patellar tendons of eighteen consecutive subjects in good clinical conditions (with no illness) referred to the Orthopedic Unit of this University for orthopedic surgical treatment not related to the studied structures. Each subject gave written consent to participate in this study which had received the approval of the Ethics Committee of the University.
Ultrasound examination
The examination was conducted by a single experienced sonographer, with more than ten years of experience in musculoskeletal ultrasound. A MyLab nine Esaote sonographic machine, equipped with a pSWE (QElaXto® system) and 4-15 MHz linear probe was used. This pSWE system allows the generation of an ultrasound focused beam that produces a localized perturbation in a single point of the tissue causing a shear wave response. The pSWE system reads and quantifies the following propagation velocity of the shear waves generated, transforming it in KPa values through the Young's Modulus formula, with the assumption that the tissue's elastic response is linear and the tissue density is always 1000 kg m −3 [12, 13] .
Each patient was placed in a relaxed supine position without passive movements. To optimize the ultrasonographic images, a preset musculoskeletal examination setting was adopted, regulating gain and depth according to the patient's anatomy and being careful to visualize well the edges of muscles and tendons by maintaining the ultrasound beam position perpendicular to their fibers. Attention was also given to avoid abnormal compression, minimizing the pressure exerted by the probe on the tissues. The box size and shape of the pSWE were constant for all measurements.
The pSWE examination was performed bilaterally in three areas: a) vastus medialis muscle, in the distal third, in longitudinal view according to previous published studies [11, 14] , with the legs out straight, slightly parted (the knee positioned at about 15° of flexion). The box was placed 1 cm from the myotendinous junction to a depth of little more than 0.5 cm from the skin surface ( fig  1) ; b) quadriceps tendon, scanned in longitudinal view with the knees slightly bent; the box was placed in the distal third of the tendon making sure it was far away from the bone ( fig 2) ; c) patellar tendon, scanned in longitudinal view with the knees slightly bent; the box was placed to the exact half of the tendon (fig 3) .
The mean value of five bilateral measurements for each patient in the two sets of evaluations, performed fifteen minutes apart, was used for the statistical comparison. The mean time spent to perform the pSWE examination was about 10±1 minute in the first set of evaluations and 9±1 minute in the second set.
Statistical analysis Clinical data were collected on a Microsoft Excel version 2013 for Windows and were expressed as the mean ± standard deviation (SD). A graphpad Software SPSS® (Statistical Package for Social Studies) version 24.0 (IBM Corporation, Chicago, IL, USA) was used to analyze the results. Shapiro-Wilk test was adopted to evaluate whether the data were normally or non-normally distributed. Coefficient of variation was also calculated.
The Wilcoxon signed rank test and two tail paired t Test were respectively performed for non-parametric and parametric values to analyse whether there were differences between the first set and the second set of results. A p value <0.05 was considered statistically significant (considering alpha error to be 5%). Finally, intraclass correlation coefficient (ICC) was adopted to evaluate the repeatability of the pSWE comparing the results obtained in the first set of evaluation with those in the second set [15] . In accordance with other authors, the interpretation of the ICC results was fixed as follows: poor agreement (0.00-0.39), fair agreement (0.40-0.59), good agreement (0.60-0.74) and excellent agreement (0.75-1.00) [16, 17] .
Results
The study population was represented by 18 subjects (9 men and 9 women, mean age 57±21 years with a body mass index of 23.4±2.8), 15 of which underwent surgical treatment of the knee (prosthesis or meniscectomy), 1 foot surgery and 2 shoulder instability correction. All examinations were performed before the surgical intervention. The Shapiro-Wilk test, performed both for the first and the second set of data, showed non-normal distribution of the pSWE values of the vastus medialis and normal distribution for those of the quadriceps and patellar tendons (Table I and fig 4) .
Reliability measurements
First and second set of pSWE evaluations showed the following coefficient of variation: vastus medialis muscle (0.56 and 0.53), quadriceps tendon (0.527 and 0.528), patellar tendon (0.623 and 0.629). No significant differences were present regarding the stiffness of the vastus medialis muscle, quadriceps and patellar tendons comparing the first set of pSWE evaluations with the second set, performed at least fifteen minutes apart (p=0.285; p=0.97; p=0.187) (fig 5) .
The ICC of pSWE evaluations showed excellent agreement for all areas examined: vastus medialis muscle 0. 
Discussions
The possibility of quantitatively measuring stiffness, by means of a sonographic software application, is an exciting prospect that is spreading in hospital practise, relying on the statement that the propagation velocity of the shear waves correlates with the elasticity of the tissues, increasing when it meets harder tissues. However, to avoid clinical malpractice, before encouraging a wider use of this method, it would be important to verify its reliability and robustness.
For this reason, we planned this study where the objective was to evaluate the reliability of pSWE method in muscle ant tendon evaluation. To this purpose, we aimed to measure the stiffness in three musculoskeletal areas: those of the vastus medialis muscle and of quadriceps and patellar tendons. In order to enlarge the variability of the test conditions, the patients selected for this study came from a wide range of ages and were of either sex. To make sure of performing a true test of repeatability, pSWE evaluations were conducted with the same modality in a longitudinal plane and at short intervals of time from each other, in all patients. Thus, the possibility of changes over time in stiffness properties, linked to the presence of some variables (hormonal variations, stress, trauma or other) was minimized and the possibility of forecasting sample errors due to different technical settings and positions was reduced [18] . Furthermore, in each patient only the average of five consecutive pSWE measurements of all muscle and tendon areas, was considered both in the first and in the second set of evaluation for the statistical analysis.
Following these adjustments, an excellent agreement was found between the results obtained in the first and in the second set of evaluations in each muscle and tendon areas. Vastus medialis muscle demonstrated to have stiffness values lower than those detected for tendons, in accordance with previous published data [19, 20] .
The time spent to perform the first and the second set of evaluations was acceptable and similar for each patient, in both cases, thus being able to assume that this test is feasible.
The fact that there was a wide variation of values between patients was probably linked to the lack of a selective patient population. However, this did not affect the outcome; instead it made it more interesting for the study purpose. Indeed, the achievement of an excellent agreement between pSWE measurements in patients with different levels of muscle and tendon stiffness, makes this method available and useful in the follow up of any type of patients.
All of this opens the way to monitor the level of the stiffness of tendons and muscles after traumatic events or other solicitations such as orthopedic surgery, during rehabilitation or after sport events, as is starting to become customary [21] . It would be advisable to establish a range of normal value for any muscle and tendon areas grouped by age. In this manner, it would be easy to recognize immediately any deviation from normal values.
Obviously, the use of pSWE has some advantages and disadvantages [22, 23] ; it is a non-invasive cheap method, simple to apply and a more acceptable alternative for patients who have difficulty with magnetic reso- nance imaging that, at the same time, is also more expensive. The ability to see in real time in the monitor a shear wave graph, gives us a prompt feedback on the quality of the measurements, permitting any rapid corrections. Furthermore, there is an automatic reliability instrument that controls all measurements by referring to a statistical analysis of acquired radiofrequency signals; this tool accepts the values which are consistent and skips those off the charts. A disadvantage is surely the yet great variability of the values obtained that gives us no other choice than that of replicating measurements for each muscle and tendon area thus extending the time of investigation. However, we point out that the real delay is in the order of five seconds for any additional measurement, namely a reasonable time-frame. Another disadvantage is the fact that the dimension of the box of the pSWE is fixed and cannot be adapted as necessary.
Some limitations affect this study: first, the low number of patients, although the examination was conducted bilaterally, thus doubling the measurements; second, the very short time laps between the first and the second sets of evaluations that did not permit to give any information on the repeatability of the method over a longer time period.
In conclusion pSWE is an easy tool to use that allows reproducible measurements of stiffness of vastus medialis muscle and quadriceps and patellar tendons, as proven by the result of excellent ICC values. Due to these results, we believe that pSWE is a reliable method and may be available for clinical use in the hospital practice for stiffness evaluation of these muscle and tendon areas.
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